1. The phosphorylation of milk alkaline phosphatase was studied under various conditions: maximum incorporation occurred at pH5-0 and 50% incorporation at pH6*6-7.0. 2. The phosphorylation was shown to be specific and the results suggest that the active centre of the enzyme is involved in the process. 3. Phosphoryl-enzyme is rapidly hydrolysed at alkaline pH. At pH70 the results suggest that a phosphoryl-enzyme could occur as a transient intermediate in the hydrolysis of phosphate esters by the phosphatase. 4. The catalytic-centre activity of the enzyme was found to be 2700sec.-l at pH 10-0 and 25°with p-nitrophenyl phosphate as substrate.
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Alkaline phosphatases (orthophosphoric monoester phosphohydrolase, EC 3.1.3.1) from a number of sources have been found to belong to the group of enzymes that have one particularly reactive serine hydroxyl group per molecule (e.g. Schwartz, 1963) . In the alkaline phosphatases, the serine residue is readily phosphorylated by incubation with orthophosphate in slightly acid solutions, a property that is not shared by any other protein tested (Engstrom & Agren, 1958; Schwartz & Lipmann, 1961) . A number of kinetic investigations of the reactions of the E8cherichia coli phosphatase have yielded data compatible with the hypothesis that a phosphoryl-enzyme is an intermediate during the enzymically catalysed transfer of phosphate from a phosphate ester substrate to water or some other nucleophilic acceptor (Schwartz, 1963;  Aldridge, Barman & Gutfreund, 1964; Wilson & Dayan, 1965) . A detailed analysis of the kinetic behaviour of calf-intestinal phosphatase (Fernley & Walker, 1965) led the authors to the conclusion that pH-dependent structural changes of the enzyme are of importance.
The experiments with milk alkaline phosphatase described in the present paper were carried out primarily to investigate the possibility of determining the concentration of active sites of this enzyme and their turnover number in unfractionated biological materials. Further, the kinetic and equilibrium properties of the phosphorylation and dephosphorylation of the phosphatase were investigated to gain information about the catalytic mechanism of this enzyme. Biggs (1954) were used for the pH-dependence of extinction at different wavelengths. At pH6-0 and below the enzyme was assayed as for acid phosphatase by the method of Bingham & Zittle (1963) . In the standard assay the reaction mixture was at pH10 0.
In certain experiments fi-glycerophosphate was used as substrate. The final concentrations of the reactants (in 3ml.) were: fi-glycerophosphate (10mM), magnesium acetate (1 mm) and sodium carbonate-bicarbonate buffer, pH10 0 (50mx). At appropriate time-intervals the reaction was stopped by th,e addition of 0*5ml. of 24N- H2SO4 and the concentration of orthophosphate determined by the method of Briggs (1922 (Frost & Pearson, 1962) , where [ElP] o is the initial concentration of phosphoryl-enzyme, [ElP] . is the equilibrium concentration of phosphoryl-enzyme and [EiP] is the concentration of phosphoryl-enzyme at time t.
RESULTS
Purificaton of milk alkaline phosphatae. The enzyme was purified by a modification of the method of Lyster & Aschaffenburg (1962) . Raw buttermilk (241.) was treated in 31. batches at pH6.6 and at room temperature with 1-21. of n-butanol and then adjusted to pH 5.0 with 0*25N-acetic acid. The serum was filtered through Hyflo Super-Cel and, after adjustment to pH8-5 with 0 2N-sodium hydroxide, left at 4-5' overnight.
The supernatant was collected by decantation, adjusted to pH6-3 and ice-cold acetone added to 50% (v/v pH optima of pho8phorylation and of p-nitrophenyl-phosphatase activity. Maximum phosphorylation occurred at about pH 5-0 and on the alkaline side ofthis optimum 50% phosphorylation occurred at pH [6] [7] (Fig. 1) pH 5-0 (50mM). The mixture was kept at 00 for lmin. and then quenched by the addition of 20% perchloric acid (0-2ml.), and the precipitated protein was separated from excess of [32P]orthophosphate as deseribed in the Material and Methods section. Fig. 2 was precipitated and purified as described in the Materials and Methods section. The results are shown in Fig. 3 , from which it was calculated that the concentration of active sites used was 0-17 px, and thus the catalytic-centre activity of the enzyme is 2700sec.-' with p-nitrophenyl phosphate or 2240sec.'1 with ,B-glycerophosphate as substrate. If it is assuimed that the enzyme has one catalytic site/mol. of mol.wt. 190000 it can be concluded that the specific activity of the pure enzyme is 854 units/mg. of protein (also see the Discussion section). The purity of the preparation used was therefore 3.6% and that of the purest to date (Lyster & Aschaffenburg, 1962 ) 62%, and, further, the concentration of alkaline phosphatase in whole milk is 0-24m,um.
Incorporation of orthophoaphate at pH7.0. Eqn.
(3) shows that KR and Kp can be obtained from phosphorylation experiments at pH7-0. Consequently, enzyme (27-6 units or 0.17jum) was incubated with magnesium acetate (35mm), sodium acetate-acetic acid buffer (50mM), carrier-free orthophosphate (2.1 x 107 counts/min.) and various amounts of orthophosphate at pH 7-0. Fig. 4 shows that a straight line is obtained from which K,= 1-94 x 10-4M and Kp= 0-5.
Km for p-nitrophenyl phosphate and KR for orthophosphate at pH10.0 and 7-0. At pH10-0 the constants were readily obtained by conventional means: the Km for p-nitrophenyl phosphate was 4.7 x 10-4mandtheKfororthophosphate 3 x 10-4 M (with p-nitrophenyl phosphate as substrate). However, the Km for p-nitrophenyl phosphate at pH 7.0 was so small that it was difficult to measure accurately (approx. 2 x 10-6M). The phosphoryl-enzyme was studied by mixing the above solution in the rapid-flow quenching apparatus of in different experiments with the same volume of (1) 50mM-sodium acetate-acetic acid buffer, pH5-0, (2) 90mN-sodium hydroxide or (3) 0-2M-sodium carbonate buffer, pH10.0. The buffers contained 0.4mg. of serum albumin/ml. The final pH values of the reaction mixtures (3-4-3.8ml.) were 5 0, 7 0 and 9-6 respectively. These were quenched after the indicated reaction times (see Fig. 5 At pH 9-6 the dephosphorylation was extremely rapid and little phosphoryl-enzyme could be detected after a reaction time of 3msec. Figs. 5 and 6 show the results obtained at pH 7-0. As noted above, these results can be interpreted in two ways: (1) 
DISCUSSION
Our results are interpreted within the kinetic scheme given above. Thus the enzyme has a catalytic-centre activity of 2700sec.-1 with p-nitrophenyl phosphate as substrate. This must be a maximum value; it assumes that the phosphorylation is complete under the conditions used. Only detailed chemical studies, involving the determination of amino acid sequences of 32P-labelled peptides, will be able to establish whether extrapolation to infinite phosphate concentration at pH 5 (see Fig. 3 ) results in a real 100% phosphorylation of active sites. The value for the specific activity of the pure enzyme is less certain. Pigretti & Milstein (1965) concluded that both chains of the native E. coli phosphatase (Rothman & Byme, 1963; Schlesinger, 1964) can incorporate inorganic phosphate and, consequently, if the milk enzyme is composed of four sub-units (each of mol.wt. 47 500) that can all be phosphorylated, then the specific activity of this enzyme could be 3440 units/mg. If this were the case, each sub-unit must be phosphorylated independently of the others since no co-operative effect was observed in our experiments (Fig. 3) . It is noteworthy that the molecular activity of the bovine liver enzyme is about 0 2650sec.-1 and that this enzyme also behaves on a Sephadex G-200 column as a protein of mol.wt. 190000 (Engstrom, 1964) .
The assumption that the phosphorylation occurs at the catalytic centre of the phosphatase is supported by the following (see also Schwartz, 1963) :
(1) Orthophosphate inhibited the enzyme competitively at pH7-0 where the enzyme at once hydrolyses p-nitrophenyl phosphate and incorporates orthophosphate.
(2) No phosphorylation by [32P]orthophosphate occurred in the presence of substrates at pH5.0. The lack of incorporation could not be accounted for by isotope dilution.
(3) In denaturation experiments (Fig. 2) loss of p-nitrophenyl-phosphatase activity closely paralleled the concomitant loss of ability to incorporate orthophosphate.
(4) Phosphoryl-enzyme was rapidly hydrolysed by alkali.
The mechanism summarized by eqn. (3) assumes that the orthophosphate species active in the phosphorylation process is H2PO4-. Thus, in the presence of constant orthophosphate and enzyme concentrations, the pH profile of the formation of phosphoryl-enzyme should be in the form of a titration curve. Such a relationship is indeed obtained (Fig. 1) , 50% of the attainable phosphorylation occurring at pH6-6-6-7, a value close to the pK2 of orthophosphate. There is, however, some doubt about the pH at which 50% of the theoretically possible phosphorylation occurs, since 100% incorporation may not be attainable. The decrease in the amount of phosphoryl-enzyme formed on the acid side of the pH optimum is probably due to non-specific inactivation of the enzyme (Pigretti & Milstein, 1965 (Fig. 2) . However, it has not been demonstrated that altered enzyme molecules can be labelled specifically and, furthermore, additional labelling of the El. coli enzyme is known to occur on prolonged exposure to orthophosphate (Aldridge et al. 1964) . It should be possible, however, to differentiate between specific and non-specific labelling by dephosphorylation experiments. Until recently it was generally agreed that a phosphoryl-enzyme complex was an obligatory intermediate in the hydrolysis of phosphoryl esters and that its decomposition into free enzyme and orthophosphate was the rate-limiting step in the sequence of events leading to products (e.g. see Morton, 1953; Schwartz, 1963; Hummel & Kalnitsky, 1964) . This conveniently explained the observation that these enzymes catalyse the hydrolysis of a large number of phosphoryl esters with widely different leaving groups with equal facility. However, the work ofAldridge et al. (1964) showed that a step preceding the dephosphorylation reaction must be rate-limiting, and Fernley & Walker (1965) concluded that conformational changes of the enzyme protein are important in determining the rate of hydrolysis of phosphoryl esters. Now, since a conformational change appears to be involved in the hydrolysis of phosphorylenzyme and since our experiments and those of Aldridge et al. (1964) suggest that this step is rapid, it appears reasonable that the step characterized by k+5 is the rate-limiting step in the hydrolysis of phosphoryl esters. However, it is conceivable that the reaction mechanisn does not involve a phosphoryl-enzyme at all and that, instead, an intermediate breaks down with the simultaneous liberation of products. A rate-limiting conformational change could precede this reaction. Thus the formation of phosphoryl-enzyme could be due to a side reaction arising from an intermnediate by the quenching. A similar note of caution was given by Barman & Gutfreund (1966) in their discussion of trypsin-and chymotrypsin-catalysed ester hydrolysis. However, our experiments are consistent with a phosphoryl-enzyme intermediate, though at best it can only have a transient existence.
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